Statistics appear with increasing frequency in the occupational therapy literature. At the same time many therapists do not understand the reasons for selecting certain statistics for a study. This article outlines an approach to selecting statistics that can be used with many research studies. The approach is useful in evaluating the choice of statistics in a published study or a research proposal or in planning a study. The presentation is conceptual, illustrated with examples from occupational therapy literature.
William C. Mann, PhD, OTR, is Associate Professor and Director of Graduate Studies, State University of New York, Buffalo, NY 14214 O ccupational therapists are generally more concerned with treatment approaches than with mathematical analyses However, to be an informed consumer of our literature, which often examines treatment approaches, an understanding of the selection and application of statistics for research in occupational therapy is necessary. As Ottenbacher and Peterson (1985) have demonstrated, the percentage of articles in the American journal of Occupational Therapy (AjOT) that present statistical information has increased significantly in the past 10 years. The present paper discusses gUidelines for understanding why an author chose a particular statistic for the study. It also presents four tables that can serve as quick references for selecting the appropriate statistic (for those planning to conduct a study). Thus, the purpose of this paper is to present a basic outline for statistic selection; the approach is based on the measurability of variables in the study.
The American journal of Occupational Therapy has published several articles that assist therapists in understanding our literature and in gaining an introduction to the concepts used in our research. Crocker (1977) provided a helpful approach to reading research literature. Ethridge and McSweeney (1970a , 1970b , 1971a , 1971b , 1971c covered the basics of occupational therapy research in a series of five articles. Even earlier, Mowrer (1960) proVided an overview of research methods, statistics, and theory. Hasselkus and Safrit (1976) discussed measurement in occupational therapy. A number of texts are also available which cover research and statistics in more detail (Glass & Stanley, 1970; Kerlinger, 1973; Payton, 1980) . Before any sense can be gained from reading about statistics-just as in reading about anatomy or woodworking-a basic vocabulary, unique to the subject, must be understood. Once this vocabulary is mastered, decisions about which statistic to select become simple. Already, the terms variable and measurability have been used. Definitions are needed.
A variable is any trait, quality, behavior, attribute, attitude, or type of treatment-in fact, anything that varies or changes from one person or thing to another. In any group of people, fine motor coordination will vary among people in the group; thus, fine motor coordination is a variable. In the January 1986 issue of AjOT, the follOWing variables were studied: work simulation, back injury, affective meanings of life reView, occupational therapy student learning cycles, occupational therapy student clinic performance, and cheWing cycles.
In studying variables, it must be recognized that they can be classified in more than one way. First, some variables are measured while others are cate-gorical. Measured variables are variables for which numbers can be assigned as a result of testing (e.g., intelligence described by IQ scores) or by the variable's universally accepted meaning (e.g., age described in years or months). An example from the list above will illustrate the point. Vestibular function can be measured by the Southern California Sensory Integration Tests (SCSIT) and is therefore a measured variable. For any individual tested, it is possible to arrive at a number, a measurement, that represents the individual's vestibular function. However, since the SCSIT was developed for a specifically defined group, the SCSIT scores for many individuals might not be an accurate measure of vestibular function. Age, measured in years, months, or days, is a measured variable. When we are told that someone is 30 years old, we know how much time, in the form of a number, has passed since the person was born.
While a measured variable can be represented by numbers that have meaning to some group of people, categorical variables, although often represented by numbers for coding purposes, only take on numerical values whose meaning is known to the researcher or "coder." A categorical variable separates individuals or things into groups, but the differences between the groups cannot be measured. For example, diagnosis is a categorical variable. It is not practically possible to measure, or to assign a number to, the difference between cancer, heart disease, diabetes, and hip fractures. But the differences on this variable can be explained, rather than given a single number to represent them. It should be noted that at times people do assign numbers to categorical variables for convenience in data storage and retrieval; this is called COding.
Textbooks often refine the concepts of categorical and measured variables even further (Glass & Stanley, 1970; Kerlinger, 1973 that the values of the variable have been ranked, and each adjacent value reflects more (or less if the list is reversed) of the property than the previous value, but the amount of difference between two values may not be the same as the amount of difference between two other values. For example, in measuring attitude toward work, we could ask people to state how much they like work (not at all, some, very much). It would be wrong to say that the amount of difference in liking work between "not at all" and "some" was equal to the difference between "some" and "very much." A number of occupational therapy studies use scales that reflect ordinal level measurement Statistics have been developed specifically for ordinal level measurement, although some researchers treat ordinal level vdfiables like interval or ratio level variables. Glass and Stanley (1970, p. 13 ) outline the dilemma of considering IQ scores as either ordinal or interval levels of measurement. For this paper, ordinal level measurement will be considered as "categorical." We will also refer to nominal level variables as categorical variables, and interval and ratio level variables as measured variables. This follows the classification scheme, described by Payton (1980) , in which statistics are considered "parametric" or "nonparametric."
Another way to classify variables is as either dependent or independent. In most studies of two or more variables, the researcher is interested in the relationship of one or more variables to another variable or to several other variables. The variable changes (or is hypothesized to change) in relation to changes the researcher makes in the independent variable. For example, in testing the effectiveness of sensory stimulation with geropsychiatric inpatients on several variables including reality orientation, Paire and Karney (1984) "changed" or "manipulated" the treatment variable-the independent variable with three levels: (d) sensory stimulation, including staff attention, (b) staff attention only, and (c) standard hospital treatment. In another example, Beck and Callahan (1980) looked at two levels of institutionalization, continuous and intermittent, in relation to the posture of chronic schizophrenic patients. Posture is the dependent variable, since the authors hypothesized that posture would vary with level of institution-alization (the independent variable that they controlled or set up).
To complete the discussion of variables, let us combine the concepts of dependent and independent variables with measured and categorical variables. Each variable must be some combination of these two concepts: measured independent, categorical dependent, measured dependent, or categorical independent. Looking at the two examples above, the sensory integrative treatment variable is a categorical independent variable; it is categorical because there are only two levels, pretreatment and posttreatment. The reading variable is a measured dependent variable. In the second example, level of institutionalization is a categorical independent variable, and posture, for which graded scores were assigned, is a measured dependent variable. Readers of research literature will find it helpful to describe each variable in terms of measured versus categorical and dependent versus independent.
Descriptive Statistics
In doing research with groups of subjects, we must offer descriptions of the groups we are studying. We do this with descriptive statistics, which are numbers that summarize the large amount of data we have Two major categorizations of descriptive statistics are measures of central tendency and measures of variability. Table 1 lists the most common measures of central tendency and of variability. In most studies, even when higher level statistics are employed, these statistics will also be used to describe the sample or to help analyze differences or similarities between twO or more groups. Groups of subjects are often described collectively-a mean age or a mean IQ, for example-and standard deviations are also presented.
Measures ofcentral tendency are single numbers used to represent and summarize a large group of scores on a measured variable and are designed to give an idea of the middle point, the most frequently occurring score, or the average of a group of scores. The mean is simply an average of all scores; add all scores and divide this sum by the number of scores. The median is the point at which half the scores are smaller and half the scores are larger. The mode is the score that occurs most frequently. If we are working with a group of scores that has a normal distribution, the mean, median, and mode will be equal. However, in taking samples, this is not always the case. The mean is the most widely used measure of central tendency and serves as the basis for many of the other higher level statistics.
Measures of variability prOVide an indication of how spread out a set of scores are for a measured variable. The range is simply the number of points or the distance between the lowest score and the highest score In looking over a group of 50 Barthel Index scores, it was found that the low score was 35 and tbe high score was 100; thus, tbe range is 65 points. The mean deviation is simply the average distance of scores from the mean. One simply calculates the mean for a group of scores, determines how far each score is from the mean (positive value or absolute value), adds up the distances from the mean, and divides by the number of scores. For the above Barthel Index scores, the mean was 75. The mean alone does not indicate if the scores were close to the mean or close to the low and high scores, or something in between. The mean indicates nothing about the spread of scores. But if you know tbat the mean deviation is 6, then you know that the average distance of the scores from the mean is 6 points above or below the mean.
The mean deviation provides a simple explanation and example of a measure of variability. We all understand the idea of "averaging" a set of scores, such as test grades in a course. For the instructor, after giVing a class a test, knOWing both the average or mean and something about the spread of scores, such as the mean deviation, is useful, because not only does the instructor know what the mean score is, but it is possible to tell if the students all performed equally well (small mean deViation) or if there was much difference in the performance of students on the test (large mean deviation).
While the mean deviation is useful in illustrating the concept of a measure of variability, it is rarely used in reporting research. Instead, the variance and standard deviation are used; they essentially serve the same purpose, although they are a little more difficult to understand than the mean deviation The reason lies in the formulae. For mean deviation, the absolute value, or positive root, of numbers must be taken. The variance relies on the fact that the square of any number, negative or positive, is a positive number. The formula for mean deviation is very similar to the formula for variance, except that in the numerator of the formula for variance squaring is used in place of taking the absolute value. While formulae are beyond the scope of this paper, the concept of variance as a measure of the spread of scores must be clear in order to proceed. Like the mean, the variance also serves as the basis for many of the higher level statistics. If you understand the concept of mean deviation, think of the variance as another statistic that provides an indication of the spread of scores around the mean.
Standard deviation is one of the most widely reported measures of variability. It is simply the square root of the variance. The standard deviation is a more easily interpretable measure of variability than the variance. If we calculate the value of the standard deviation for a set of scores, then (a) add it to the mean and (b) subtract it from the mean, those two numbers (called standard deviation above and below the mean) represent the range in which we can expect to find about two thirds of our subjects' scores, if we have a normal distribution of scores. If we go 2 standard deviations above and below the mean, we will find about 95% of our subjects' scores, and taking 3 standard deviations gives us a range in which we find more than 99% of our subjects' scores. Thus, the standard deviation provides an excellent description for spread of scores: it is an excellent measure of variabi lity.
Inferential Statistics
Inferential statistics are used in studies "vith independent and dependent variables. They are based on rules of probability or chance. In fact, inferential statistics were first developed by mathematicians working for gentlemen gamblers who wanted to maximize their chances of winning In res arch we simply want to know the chances of getLing the resu Its (numbers) we gOt purely by chance. If the odds are very low (say 1 in 100), then the results must be due to something other than chance: the effect of the independent variable(s) on the dependent variable(s) Thus, we set a level of confidence, usually expressed as the probability of getting the results by chance, such as 05 (to be 95% certain the results did not occur by chance) oral (to be 99% certain or "confident") .
Studies that have categOrical independent variahles would most likely use one or more of the statistics listed in Table 2 . If the study contains a categorical independent variable with only two levels, and a measured dependent variable, the t test wou ld be used to test for significance of difference between the means for each of the two levels on the dependent variable For example, Tickle and Yerxa (1981) studied need satisfaction (dependent variable) in relation to where older people lived (independent variable with two levels community and institution). A mean score for need satisfaction was determined for the group of subjects who lived in the community, and this was compared to the mean score for need satis- faction of the older people living in institutions. To determine if the size of the difference between the two mean scores for need satisfaction was due to chance or a result of the effect of the independent variable (where the older people lived), a t test was employed.
Note that the t test is used only when there are two levels of the categorical independent variable. Given a study with a measured dependent and one categorical independent variable with three or more levels, the f test cannot be used; in this case the oneway analysis of variance (ANOYA) is the appropriate statistic Taking the same example above, suppose Tickle and Yerxa had decided to study differences in need satisfaction of older people living (a) in their own homes, (b) in the homes of relatives or friends, and (c) in institutions Now the categorical independent variable has three levels, and, to test for differences in need satisfaction among the three subgroups of subjects, a one-way ANOYA is used. Note that both differences in the means (central tendency) and in the spread of scores around each mean (variability) are considered in the formulation of t test and ANOYA. Sample size also is considered in the formulation.
If the discussion of statistics is understood to this point, then the remainder of Table 2 should be easily comprehended. If a study has more than one categorical independent variable and one measured dependent variable, then we would use an Nway ANOYA, with N equal to the number of categorical independent variables. Let's take the above example again, but this time we are interested in differences in need satisfaction of older people (subjects) grouped not only by where they lived but also by sex and social class. We now have three independent variables, all categorical, and one dependent variable. For this analysis we would use a three-way ANOYA. We would be looking at the means and variances for need satisfaction between (a) subjects living in the community versus those living in institutions, Cb) male versus female subjects, Cc) lower, middle, and upper socioeconomic class subjects, and (d) interactions, such as Upper Class male, lower socioeconomic class, and community living versus female, lower socioeconomic class, and community living subjects. The groups studied are presented in Figure 1 . Note that we will be looking at 12 "cell" means, as well as two means for sex, two for "where old people lived," and three for social class, in this analysis. By doing the ANOVA, we will be able to say with some degree of certainty (say 95 %) that the differences we found were not due to chance; or we will determine that the differences were more likely due to chance.
If a study has more than one measured dependent variable that can be collectively considered as contributing to some larger concept, then the study becomes multivariate. Hasselkus, Kshepakaran, and Safrit (1981) studied the relationship of handedness (categorical independent variable with two levels, right and left) to hand joint changes. The concept of "hand joint changes" was measured considering 10 separate variables, including "passive MCP lateral mobility of digits 2-5, passive MCP hyperextension of digits 2-5, passive thumb MCP range of motion, and lateral pinch strength" (p. 707). Since these "hand joint changes" variables are dependent variables and can best be considered collectively, the statistic employed in this study was a one-way multivariate analysis of variance (MAN OVA).
In the example above, had there been two or more categorical independent variables (e.g., handedness, sex, occupation), then the appropriate statistic would be a three-way MANOVA (or two-way MANOVA, N-way MANOVA, depending on the number of categorical independent variables).
Continuing with this exploration of Table 2 , a major change occurs when both independent and dependent variables are categorical. We can no longer rely on means or variances as the basis for our analyses. Means and variances cannot be calculated for categorical variables. Consider a mean of several ZIP codes; the number would be meaningless. Wbat is the mean for "handedness," or the mean for "where people Uve" in tbe examples above? Obviously, there can be no means for categorical variables, so a different approach must be taken. The statistics used with this approach are called nonparametric statistics.
One frequently used nonparametric statistic is the chi -square statistic (Glass & Stanley, 1970; Kerlingel', 1973) . Chi-square considers the relative observed frequency with the expected frequency of subjects, events, or items in a cross-tabulation table. For example, if we were studying activity preferences among three different ethnic groups to determine if ethnicity was an important factor to consider in activity selection in an occupational therapy clinic, we could survey several members of each of several different ethnic groups, asking them to state their favorite activities. Since both activity and ethnicity are categorical variables, we can only compare differences in numbers of people, broken down by ethnic group, who choose each of the activities. To determine if the relative differences in choice of activity are the result of chance or are a result of differences resulting from ethnic preferences, we can use the chisquare statistic. There are several other nonparamerric statistics useful when the variables meet certain criteria. These statistics are described in most basic statistics texts (see Ethridge & McSweeney, 1971a) . Table 3 shows the selection of statistics for studies with measured independent variables. The simplest case is where we have one independent and one dependent variable, both measured. Correlation analysis would be applied. In fact, correlation is one of the most Widely used statistics in our literature. Katz and Mosey (1980) studied the relationship between fieldwork performance and academic course work, both of which were considered measured variables. Using correlation analysis, they calculated correlation coefficients for each course grade (independent variable) with each of the fieldwork performance ratings (dependent variable). Through this analysis they determined that some course grades did show a significant relationship to fieldwork performance, while others showed no relationship, and they were further able to determine the strength of the relationship, which in most cases was weak.
A correlation coefficient is in fact a descriptive statistic, summarizing the relationship between two variables. However, inferential statistics can be applied to the analysis to determine the probability of the results occurring just by chance.
In studies that have more than one measured independent variable and one measured dependent variable, multiple correlation-more commonly called multiple regression analysis-is used. Often, but not exclusively, this analysis would be used to study the relationship of several variables on one other variable, possibly for the purposes of prediction. For example, if Katz and Mosey had been interested in predicting the fieldwork performance rating, they would have needed to add more variables than just course grades to the analysis. If they had added IQ scores, personality scores, and age to the analysis, they would have had four measured independent variables and one measured dependent variable. The appropriate statistic would have been multiple regression.
In the situation where we have more than one measured dependent variable and one measured independent variable, we could simply reverse the independent and dependent variables and use multiple regression. When we have more than one measured dependent variable and more than one independent variable, we would likely choose a multivariate approach with multiple regression. Taking the example above, we might wish to consider the two fieldwork performance ratings (physical disabilities and psychosocial) simultaneously in an analysis with the four independent variables (grades, IQ, personality, and age). In this case we would have a multivariate multiple regression analysis. Canonical correlation is 3 speci31ized multiv3riate regression 3ppro3ch, often used when there 3re large numbers of variables in the analysis.
The final situation to consider from Table 3 occurs in studies with categorical dependent variables and measured independent variables. Here we either use nonparametric techniques or, in some C3ses, reverse our dependent 3nd independent variables 3nd then use parametric statistics.
One 13st rese3rch situation which 3rises often is haVing a measured dependent variable(s) and haVing both measured and categorical independent vari3-bles. For this al131ysis we would likely select an 3031-ysis of cov3ri3nce.
Conclusion
This paper h3s presented 3n 3ppro3ch to selecting the 3ppropri3te st3tistic. If one knows whether the v3ri3-bles are me3sured or categoric31, independent or clependent, then it becomes e3sy to select the correct statistic. There is nothing mysterious 3bout the choice. Rules are followed, 3nd rules C3n be le3rned. This overview is 3n introduction to these rules.
